INTRODUCTION
Diagnostic investigations utilising ionising radiation offer significant benefits to patients and are accepted for medical practice. However, exposure to such radiation is associated with an increased long-term risk of malignant diseases in those persons irradiated as well as a low but potential risk of serious hereditary diseases in their descendants. It has been assumed that the probability of these adverse effects is directly proportional to the level of exposure without a dose threshold (stochastic effect) (1) . Dental radiography is one of the most frequent type of radiological procedures performed (2) . Although exposure associated with dental radiology is relatively low, any radiological procedure should be justified and optimised to keep the radiation risk as low as reasonably possible (3) . Recognition of the harmful effects of radiation and the risks involved with its use prompted the National Council on Radiation Protection and Measurements (NCRP) and the International Commission and on Radiological Protection (ICRP) to establish guidelines for limiting the amount of radiation received by both occupationally exposed individuals and the public. Since their establishment in the 1930s, these dose limits have been revised downward several times. These revisions also reflect the increased ability to use radiation more efficiently (4) . Once a medical exposure has been justified, the principle of optimisation should be applied in the same way as for occupational and public exposure (5) . However, the dose limits by the NCRP and ICRP do not apply to radiation exposure that the patients receive during the course of dental and medical treatment (6) . Many surveys have shown wide variations in the magnitude of the patient dose with the same type of X-ray procedure performed at different facilities or even within the same facility (7 -11) The difference in radiation dose for nominally the same examination may vary by up to a few hundreds (12) The reference values (13) can be specified as an aid to the optimisation of the absorbed dose to the patient. Reference levels usually have been derived from distributions of dosimetric quantities for patients observed in practice in the relevant region or country (10) . The third quartile doses of the distributions have been called reference dose values (14) , diagnostic reference levels (DRLs) (15) or guidance levels (6) . The ICRP introduced the DRLs for patients in 1996 (15) . The International Atomic Energy Agency proposed a guidance dose level 7 mGy for dental periapical radiography in 1996 and the National Radiological Protection Board (NRPB) recommended a reference dose of 65 mGy mm for panoramic radiography in 1999 (16) . In dental radiology, entrance surface air kerma (ESAK) or entrance surface dose without backscatter for intraoral examinations and the dose width product (DWP) for panoramic examinations have been recommended for the setting of DRLs (12, 16) .
The third quartile patient surface dose for an adult mandibular molar in the UK surveyed during 1995 and Spain in 2001 were 3.9 and 3.6 mGy, respectively (12, 17) . The DWP is defined as the air kerma at the front side of the secondary collimator integrated over the collimator width and exposure cycle. The third quartile DWP for standard adult panoramic radiography, as determined by similarly surveys reported in the UK in 1999, 2000, 2006 and in Italy in 2003, were 67, 76, 67 and 84 mGy mm, respectively (12, 18 -20) . In Anyang city, South Korea, Kim et al. (21) reported the third quartile DWP for adult panoramic radiography for was 106.7 mGy mm. The reference dose levels should be adapted at a local level because updated X-ray facilities with high-speed imaging systems should result in lower doses than those less well equipped (22) . The aim of this study was to investigate the current reference dose level for dental panoramic radiography in Gwangju city, South Korea based on the DWP and compare it with those established already in other countries.
MATERIALS AND METHODS
Forty-four panoramic units from 39 dental clinics and 2 dental hospitals were selected for surface dose measurement. There were about 430 dental clinics in Gwangju City in 2008, therefore 41 dental facilities included in this survey comprised nearly 10 %. The data were collected over a 15 month period from June 2008 to August 2009. Of the 44 X-ray units, 36 were equipped with a digital imaging system, and 8 units were equipped with an analogue imaging system. One of the digital units was equipped with storage phosphor plates (indirect digital system) and the others were direct digital system. Available technical information such as the model, manufacturer, date of manufacture and type of the panoramic X-ray machines were recorded (listed in Table 1 ). The dose measuring techniques were based on the NRPB assessment panoramic X-ray sets proposed by Napier (12) . After panoramic exposure of each dental patient, a custom-made plastic receptor with a magnet for a rectangular shaped solid state detector was attached to the front side of the secondary collimator parallel and to the middle of the slit or to the centre of the digital sensor. The detector was inserted into the plastic receptor ( Figure 1 ). It is important that the detector be aligned accurately with the X-ray beam. Two solid detectors with an active width of 1.5 mm were used with an Unfors Mult-O-Meter 512L or 577L (Unfors instruments, Billdal, Sweden). The dosemeters were calibrated by the Korean Laboratory Accreditation Scheme. Care was taken to ensure that the length of cable attached to the detector was sufficient to allow the rotational movement required during an exposure cycle.
After positioning the detector, the exposure parameter of each patient's exposure was simulated and the patient dose was recorded. To measure the real horizontal panoramic radiation beam width, a film was attached to the second collimator or digital sensor for each panoramic unit and exposed for one scan cycle. The beam width was obtained by measuring the dark band width of the film after developing. The beam width of the digital and analogue units ranged from 4 to 13 mm and from 5 to 15 mm, respectively. The tube potential and fuse current settings ranged from 56 to 90 kV and from 6 to 16 mA, respectively. The dose per exposure cycle was multiplied by the horizontal beam width of the corresponding panoramic unit to calculate the DWP.
A total of 429 adult patients (201 males and 228 females) were included in this study. A total of 429 experimental exposures were performed at 40 dental clinics and 1 dental school hospital. The overall mean age of the patients was 40.2 y (41.1 y for males and 39.3 y females) and the overall mean weight of the patients was 61.6 kg (68.6 kg for males and 54.6 kg females). Statistical analysis was performed using the mean, lowest, highest and third quartile of the surface exposure doses and DWP values. Table 2 and Figure 2 show the results of the entrance surface doses in 429 patients. The mean entrance surface dose and third quartile (75 %) were calculated for each type of exposure (male and female). The entrance surface doses for males were higher than those for females. The mean patient entrance surface dose for the digital panoramic units was 8.6 mGy (males) and 7.1 mGy (females). On the other hand, the mean patient entrance surface dose for the analogue panoramic units was 15.7 mGy (males) and 10 mGy (females). The third quartile patient surface dose of the digital units was lower than that of the analogue units. Using the digital units, there was an approximately 149-fold difference between the highest (29.8 mGy) and the lowest (0.2 mGy) dose for the male patients, and an approximately 130-fold difference between the highest (26.0 mGy) and lowest (0.2 mGy) dose for the female patients. In contrast, with the analogue units, there was an approximately 5.9-fold difference between the highest (23.7 mGy) and lowest (4.0 mGy) dose for the male patients, and an approximately 7.2-fold difference between the highest (23.8 mGy) and lowest (3.3 mGy) dose in the female patients. The overall mean entrance surface dose and third quartile entrance dose was 8.4 mGy (adult) and 11.0 mGy (adult), respectively. Table 3 and Figure 3 show the distribution of the DWP of the 429 patients. The mean DWP and third quartile (75 %) were calculated for each type of exposure (male and female). The mean DWP was 49.5 mGy mm (males) and 41.7 mGy mm (females) for the digital panoramic units, and 82.3 mGy mm (males) and 58.4 mGy mm (females) for the analogue panoramic units. The third quartile DWP for the digital units was lower than that of the analogue unit.
RESULTS
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However, the highest DWP for the digital panoramic unit was 148.9 mGy mm (males) and 130.1 mGy mm (females). With the digital units, there was an approximately 114.5-fold difference between the highest (148.9 mGy mm) and lowest (1.3 mGy mm) dose for the male patients, and an approximately 162.6-fold difference between the highest (130.1 mGy mm) and lowest (0.8 mGy mm) dose for the female patients. On the other hand, with the analogue units, there was an approximately 2.1-fold difference between the (23) . A second review covering the subsequent 5-y period from January 1996 to December 2000 was published in 2002 (24) . The Ionising Radiation (Medical Exposure) Regulations 2000 (25) introduced a legal framework for the establishment of 'DRLs' in the UK. Guidance on the establishment and the use of DRLs for medical and dental X-ray examinations were prepared by a joint working party of relevant professional bodies and was published by the Institute of Physics and Engineering in Medicine in 2004 (26) . This guidance recommended that the national reference doses published in the 5-yearly reviews of the NPDD be a major source for national DRLs (9) . In 1999, Napier (12) reported DWP reference levels of 67 mGy mm in panoramic radiology. The NRPB recommends the adoption of 65 mGy mm (DWP) as the reference dose for a standard adult panoramic radiograph (12) . Measurements of the DWP with a pencil ionisation chamber have been reported (18, 20) . Helmrot and Alm Carlsson (27) showed that it is possible and convenient to use a dose area product (DAP) meter to measure the dose in intraoral and panoramic examinations, and recommended that the ESAK and DWP be measured in the absence of a patient but using the same parameter settings (tube voltage, tube load and exposure time) for the patient (27) . Several countries have reported reference dose levels in panoramic radiography (9, 12, 18 -20, 28) . The national reference dose levels for panoramic radiographs shown in Table 4 are expressed in terms of both the DWP and DAP. The DWP reference dose 2005 UK for panoramic radiography was 10 % lower than the 1999 reference (9) . In the present study, the third quartile DWP was the same as the 2005 UK values (9) . In addition, the current reference dose (60.1 mGy mm) was substantially lower than the third quartile DWP values (106.7 mGy mm) observed in Anyang city (21) , probably due to the use of upgraded digital systems.
As expected, the third quartile DWP for digital units was lower than that of analogue units. Digital imaging has practical technical advantages compared with film techniques, for example, a wide contrast dynamic range, post-processing functionality, multiple image viewing options and electronic transfer and archiving possibilities. With digital systems, overexposure can occur without any adverse impact on the image quality. Overexposure may not be recognized by the radiologist or radiographer. In conventional radiography, excessive exposure produces a 'black' film and inadequate exposure produces a 'white' film, both with reduced contrast. In digital systems, the image brightness can be adjusted by post-processing independently of the exposure level. The increase in the dynamic range of the digital imaging system makes it more difficult to recognize overexposure or under exposure (29) . In this study, the highest entrance surface dose and DWP value for the digital units was higher than that for the analogue panoramic units (Table 2) . One remarkable observation is that digital techniques do not automatically lead to a reduced patient dose. In many cases, after making the transition from the film/ screen to digital systems using a storage phosphor plate, the exposure parameters are not changed sufficiently to achieve dose optimisation (29) . Furthermore, higher doses might decrease the image noise for digital receptors over a certain dose range (30) . Therefore, it is particularly important that the reference dose levels be applied to the acquisition of digital images because high-quality images can also be produced using excessive exposure levels (29) . The reference dose is not intended to be a limit. It is purely a pragmatic approach to help identify the 25 % of dentists in most urgent need of improved dose control. Having established a reference dose based on the third quartile, 25 % of dentists will need to consider revising their techniques to reduce unnecessary doses to the patients, unless the unusually high doses could be clinically justified. All panoramic sets should be achievable using relatively simple means, i.e. altering the exposure factors, improving film processing, providing better viewing facilities, using faster films, etc. However, such a modification may not be possible on some older X-ray sets, in which case the only alternative will be to purchase new X-ray equipment, if possible a digital panoramic system (12) . After changing the equipment and techniques that affect the patient dose levels (31) , it is recommended that dose surveys be repeated at regular intervals to ensure that reference levels are applicable to the current radiographic situation, achieving optimal patient protection (32) . In addition, each country should establish its own reference dose levels suitable to its equipment and practice (32) .
CONCLUSIONS
The overall third quartile DWP determined in this study was 60.1 mGy mm (adult). These results may be used to derive reference dose levels for panoramic dental radiology in South Korea. The proposed reference dose levels in Gwangju city are substantially lower than those of Anyang city. However, there are still high dose distributions for panoramic radiography, indicating further need for reducing the patient's dose. Further studies will be required to establish other reference dose levels in South Korea, such as intraoral dental radiology, lateral cephalometric radiology and dental cone beam computed tomography. 
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